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ABSTRACT

Background and Aims: Laparoscopic cholecystectomy (LC) is favored by less postoperative
pain compared with the open approach; nevertheless, pain is still a frequent complaint.
Dexmedetomidine is a centrally acting a2 agonist that has sedative, sympatholytic, and
analgesic properties. We aimed primarily to study the effect of different doses of dexmedeto-
midine on the quality of anesthesia in the patients undergoing LC. The secondary aims were to
detect the implications of these different doses on the postoperative outcome (postoperative
pain, nausea, and vomiting.

Methods: Sixty patients of the American Society of Anesthesiologists (ASA) physical grades
| and Il scheduled for elective LC were randomly divided into three equal groups. Group Dex
0.2, Group Dex 0.4, and Group Dex 0.6 (patients received dexmedetomidine infusion at 0.2
mcg/kg/h, 0.4 mcg/kg/h, and 0.6 mcg/kg/h, respectively) 15 min before induction and through-
out the surgical procedure. Hemodynamic parameters, spontaneous respiratory recovery time,
extubation time, incidence of cough, postoperative pain, and postoperative nausea and
vomiting (PONV) were recorded.

Results: Significantly attenuated hemodynamic stress response was observed in Dex 0.4 and
Dex 0.6 groups. The incidence of cough, PONV, was significantly less and postoperative
analgesic requirements were fewer in Dex 0.6 group compared to the other two groups.
Nevertheless, the time of spontaneous respiratory recovery and extubation in Dex 0.6 group
was insignificantly longer compared to the other two groups.

Conclusion: Intravenous infusion of 0.6 pg/kg/h dexmedetomidine before induction can
attenuate hemodynamic stress response, reduce cough incidence, PONV, and postoperative
analgesic requirements in patients undergoing LC without significant prolongation of sponta-
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neous respiratory recovery time.

1. Introduction

While the first laparoscopic cholecystectomy (LC) pro-
cedure was performed by Professor Erich Mihe in
Germany on 12th of September 1985, [1] LC is currently
the most commonly performed abdominal surgical
procedures. [2]

LC is favored by less postoperative pain compared
with the open approach; nevertheless, pain is still the
main postoperative complaint that sometimes could
lengthen hospital stay. [3] Incidence of moderate post-
operative abdominal and shoulder pain is reported to
occur in about 60% of the patients following LC, while
10% experience a severe degree of pain. [4] Opioids are
commonly used in postoperative pain relief after LC.
However, opioids have many side effects including
respiratory depression, nausea and vomiting, ileus, and
urinary retention, which may overshadow the analgesic
advantages, especially after abdominal surgery. [5]

Creation of pneumoperitoneum is a principal step
of any laparoscopic procedure; this is usually achieved
through carbon dioxide insufflation into the peritoneal

cavity at a rate of 4-6 |/min to attain a pressure of 10-
15 mmHg. [6] Consequently, the increase of intra-
abdominal pressure (IAP) could lead to hemodynamic
instability and the incidence of postoperative nausea
and vomiting (PONV). [7]

Dexmedetomidine (Dex) is a highly selective cen-
trally acting alpha-2-adrenoceptor agonist, which has a
sedative, anxiolytic, perioperative sympatholytic, and
analgesic sparing effects. [8] Dexmedetomidine is
approved at the end of 1999 by the Food and Drug
Administration (FDA) as a potential nonopioid sedative
agent with analgesic properties, which attenuates
hemodynamic responses to intubation, pneumoperi-
toneum, and reduces opioid-related adverse
events. [9]

The primary aim of this study is to assess the effect
of different doses of dexmedetomidine on quality of
anesthesia in patients undergoing LC. The secondary
aim is to detect the effect of these different doses on
postoperative outcome (postoperative pain, nausea,
and vomiting).
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2. Materials and methods

After the approval of institutional ethical committee.
A randomized, prospective, controlled double-blinded
clinical study enrolled 60 adult patients scheduled for
elective LC. Patients were 18-60 years and their body
mass index (BMI) <30 kg/m?. ASA physical classification
status was I-Il. Patients suffered from PONV, motion
sickness, gastroparesis, bradycardia, atrioventricular
block, severe cardiac dysfunction, diabetes, hyperten-
sion, coronary heart disease, liver and kidney function
seriously damaged, chronic pain, upper respiratory
tract infection, asthma, smoking, and allergic to dex-
medetomidine were excluded from the study.

A written informed consent was obtained from the
participating patients in this study. The sample size
was approved to be sufficient by the Department of
Statistics, Medical Research Institute, Alexandria
University, Egypt. [10]

The preoperative assessment was accomplished by
detailed history, clinical examination, and routine
laboratory investigations. All patients were fasting
according to the American Society of Anesthesiology
guidelines. [11]

The patients were randomly distributed by closed
envelope technique into three equal groups, Group
Dex 0.2 (patients received dexmedetomidine infusion
0.2 mcg/kg/h), Group Dex 0.4 (patients received dex-
medetomidine infusion 0.4 mcg/kg/h), and Group Dex
0.6 (patients received dexmedetomidine infusion 0.6
mcg/kg/h).

2.1. Anesthetic technique

According to the group, dexmedetomidine infusion was
prepared in a different room by mixing 1 ml of Dex
containing 100 pg of the drug with 50 ml of normal
saline, so 2 ug/kg final concentration resulted, then Dex
infusion was given via a B Braun Infusomat Space infu-
sion pump. According to the weight of the patient, the
pump was set to deliver the targeted infusion rate, then
concealed using colored label. Thus, the assessor and
the patient were unaware of the group.

On arrival to the operation theater, a multichannel
monitor was attached to the patient HR, systolic blood
pressure (SBP), diastolic blood pressure (DBP), pulse
oximetry (SpO,), end-tidal carbon dioxide (ETCO,),
and bispectral index (BIS) were recorded.

Two wide bore intravenous cannulas were inserted
one for the intravenous fluids, and another line was
secured for the infusion pump. Fifteen minutes after
initiating Dex infusion, preoxygenation was done for
3 min. Induction of general anesthesia was attained by
intravenous midazolam 0.03 mg/kg, propofol 1.5-2
mg/kg, fentanyl 1-2 mcg/kg, and rocuronium 0.6 mg/
kg. Tracheal intubation was carried out and
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mechanically controlled ventilation initiated with the
tidal volume was 8 ml/kg, the respiratory rate was 14
breath/min and the inhalation/ exhalation ratio was
1:2. Respiratory parameters modified to maintain
ETCO, at 35-45 mmHg and SpO, > 98%.

Intraoperative maintenance of anesthesia done
with sevoflurane and incremental doses of 0.2 mg/kg
rocuronium to keep BIS values at 40-60. During sur-
gery, all patients were positioned in the reverse
Trendelenburg with left lateral inclination 15°, and
abdominal pressure maintained at 12 mmHg.

At the end of surgery dexmedetomidine infusion
and anesthetic agents were stopped, then extubation
was carried out after reversal of muscle relaxation with
sugammadex 2 mg/kg, and the patient transferred to
the postanesthesia care unit (PACU). Nonsteroidal anti-
inflammatory drugs (100 mg/day ketoprofen) and
paracetamol (3 g/day) were administered intrave-
nously to achieve multimodal postoperative analgesia.
[12]

2.2. Surgical technique

LC was carried on using the original technique
described Reddick & Olsen, this technique entails posi-
tioning of the patient and surgical team in specific order,
closed technique for creation of pneumoperitoneum,
insertion of four trocars, wide display of calot’s triangle,
and infundibular dissection first technique. [13]

Demographic information (age, BMI, sex), hemody-
namic measurements including HR, SBP, DBP, and per-
ipheral oxygen saturation (SPO,) were logged at the
time of arrival at the operating theater (baseline value),
immediate after intubation, with start of surgical
manipulation, starting insufflation, every 15 min intrao-
perative, immediate after extubation, and every 6 h
postoperatively.

According to American College of Cardiology/
American Heart Association (ACC/AHA) perioperative
hypotension defined as reduction of the blood pres-
sure more than 20% of the base value, that con-
tinues for longer than 15 min treated with
immediate use of 6-10 mg of intravenous ephedrine,
while hypertension defines as an upsurge of the
blood pressure more than 20% of the base value,
that lasts more than 15 min managed with nitrogly-
cerin intravenous infusion 5 pg/min administered
initially, then titrated in 5 pg/min increments [14],
whereas bradycardia defined as drop of the HR less
than 50 beat per minute (bpm) treated with 0.5 mg
of intravenous atropine conversely, tachycardia
defined as increase of the HR more than 110 bpm
managed primarily with correction of triggering fac-
tors as hypovolemia and inadequate depth of
anesthesia, if tachycardia persisted 10 mg of intrave-
nous esmolol required [15].
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Operative time was recorded from skin incision to
dressing, spontaneous respiratory recovery time noted
down from discontinuation of inhalational anesthetic
agent to spontaneous respiratory effort regain, and
extubation time measured from discontinuation of inha-
lational anesthetic agent till endotracheal tube removal.

On recovery incidence and severity of cough were
assessed and recorded in grades: (grade 0: no cough;
grade 1: mild, single cough; grade 2: moderate, fre-
quent cough, lasting time <5 s, no effect on extuba-
tion; grade 3: severe, continuous cough, lasting time
>5 s, affecting extubation).

Postoperative pain was assessed using visual analog
scale [16], when the VAS =4 so 0.5 pg/kg intravenous
fentanyl was given and time to first rescue analgesic
requirement was documented with total amount of
analgesic drug required during first 24 h postoperatively.
Postoperative nausea and vomiting (PONV) were evalu-
ated with a 4 points scale (1 = absent, 2 = nausea,
3 = retching, and 4 = vomiting) and treated with 4 mg
of intravenous ondansetron administration per time. Both
postoperative pain and PONV were noted down at 20 min
(t1),2h (t2),6 h (t3), 12 h (t4), and 24 h (t5) postoperatively.

The results were tabulated, and statistical data were
analyzed using IBM SPSS software package version
20.0. (Armonk, NY: IBM Corp), Fisher's exact test was
used for qualitative variables comparison, while paired
t-test used to compare normally distributed quantita-
tive variables within the group against baseline values.
ANOVA test was used to compare continuous variables
between three groups; if ANOVA was significant, post--
hoc test was used to compare two groups and the
results were expressed as mean = standard deviation.
p > 0.05 was considered insignificant, <0.05 as signifi-
cant, and highly significant if <0.001.

3. Results
A total of 72 patients were screened for eligibility; 62
patients met the inclusion criteria and were

approached to participate, and 2 of them refused par-
ticipation in the study, Figure 1.

There were statistically insignificant differences
regarding demographic data and operation time
among three groups. However, the time of sponta-
neous respiratory recovery and extubation in Dex 0.6
group was insignificantly longer compared to Dex 0.2
and Dex 0.4 groups (p value = 0.070 and 0.053, respec-
tively) as shown in Table 1.

At the time of arrival at the operating theater hemo-
dynamic measurements including HR, SBP, and DBP
(baseline values) had statistically insignificant differences
between three groups (p value = 0.647, 0.948, and 0.977,
respectively). HR immediately after intubation, at the start
of surgical manipulation, and immediately after

72 patients were eligible

 JYp—

62 met inclusion criteria

2 patients

refused

Dex 0.2
n=20

Dex 0.4
n=20

Dex 0.6
n=20

Figure 1. Flowchart for patients screened for eligibility for this
study.

Table 1. Demographic data and clinical characteristics in three
groups.

Dex 0.2 Dex 0.4 Dex 0.6
group group group p
N =20 N =20 N=20 value
Age (years) 45629 435+50 446+43 0287
Sex (male/female) 12/8 11/9 12/8 0.933
BMI (kg/mz) 247 +£2.1 235125 243+24 0.264
Operation time (min) 51.5+94 50.5+10.2 49.6 + 13.3 0.864
Time of spontaneous 10.7 +26 119+44 139+55 0.070
respiratory recovery
(min)
Extubation time (min) 127 £3.2 13.2+29 152+39 0.053

Data presented as mean * standard deviation or numbers (proportion),
BMI; Body mass index.
*p < 0.05.

extubation showed significant increase in Dex 0.2 group
compared to the other two groups (p value = 0.026,
0.028, and 0.003, respectively), Table 2. Similarly, a signifi-
cantincrease of SBP and DBP was noted in Dex 0.2 group,
Tables 3 and 4. Additionally, a statistically significant
decrease of HR, SBP, and DBP were observed in Dex 0.2
group during insufflation compared to Dex 0.4 and Dex
0.6 group (p value = 0.045, 0.015, and 0.012, respectively).
An insignificant hemodynamic differences were recorded
either intraoperative during pneumoperitoneum or post-
operatively between three groups.

During emergence the incidence of cough was sig-
nificantly lower in Dex 0.6 group compared to other
groups (20% in Dex 0.6 vs. 65% and 55% in Dex 0.2 and
Dex 0.4 groups, respectively, p value = 0.013).
Nevertheless, no statistically significant difference was
recorded regarding degree of severity of cough
between the three groups, Table 5.

As regards postoperative pain, Dex 0.6 group
showed a better analgesic effect with significantly
lower VAS compared to the other two groups at dif-
ferent time points. The time to first rescue analgesia
was longer (245 min) in group Dex 0.6 compared to
Dex 0.4 and Dex 0.2 groups (180 min and 150 min,
respectively). Furthermore, the first 24 h postoperative
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Table 2. Heart rate changes in three groups at different times.

Heart rate (bpm) Dex 0.02 N = 20 Dex 0.04 N = 20 Dex 0.06 N = 20 p value
At arrival to OR (baseline values) 884 +53 90.2 +7.2 89.8 + 6.5 0.647
Immediately after intubation 103.5 +3.5 1044 £1.2 1024 + 1.3 0.026*
Start of surgical manipulation 106.7 £ 5.7 103.8 + 4.5 102.7 £ 3.8 0.028*
Start of Insufflation 788 £53 823 +6.8 835+59 0.045*
15 min after pneumoperitoneum 9275+ 44 90.62 + 5.8 9143 £ 47 0.403
30 min after pneumoperitoneum 93.64 £ 4.2 9254 + 45 9134+ 57 0.331
45 min after pneumoperitoneum 92.76 + 53 90.83 + 5.2 90.52 + 55 0.362
Extubation 109.1 £ 5.3 104.6 + 6.2 103.2 £ 4.5 0.003*
On admission to PACU 88.23 + 35 89.54 + 4.7 88.13 £ 45 0.510
6 h postoperative 89.56 + 5.3 88.76 + 4.9 8722+ 57 0.373
12 h postoperative 89.21 + 39 88.94 £ 4.1 8735+ 3.6 0.268
18 h postoperative 88.77 £ 4.2 89.23 + 44 88.14 £ 3.7 0.703
24 h postoperative 89.47 + 4.8 88.53 + 3.9 89.04 + 4.2 0.789
Table 3. Systolic blood pressure changes in three groups at different times.
SBP (mmHg) Dex 0.02 N = 20 Dex 0.04 N = 20 Dex 0.06 N = 20 p value
At arrival to OR (baseline values) 125.4 + 9.7 126.4 + 10.9 1255+ 11.3 0.948
Immediately after intubation 149.3 + 9.5 141.6 £ 11.5 141.4 £ 10.9 0.032*
Start of surgical manipulation 149.2 + 14.2 141.2 £ 10.3 140.7 + 9.9 0.042*
Insufflation 105.6 = 11.5 112.3 + 10.5 115.6 = 10.2 0.015*
15 min after pneumoperitoneum 128.32 + 14.8 125.67 + 13.9 125.83 + 14.2 0.807
30 min after pneumoperitoneum 126.43 + 10.2 126.21 £ 11.4 125.91 £ 12.5 0.990
45 min after pneumoperitoneum 128.56 + 12.6 125.94 + 10.2 124.58 + 9.5 0.503
Extubation 148.9 + 12.7 1413 +11.6 140.6 + 9.2 0.042*
On admission to PACU 129.32 £ 9.6 126.74 £ 11.3 124.02 + 10.2 0.280
6 h postoperative 128.71 £ 11.3 125.82 £ 9.8 125.02 + 104 0.510
12 h postoperative 126.92 + 13.1 127.43 £ 123 126.81 + 11.6 0.986
18 h postoperative 129.21 £ 10.1 126.84 + 13.3 124.78 £ 9.8 0.460
24 h postoperative 128.42 + 11.2 12591 £ 124 124.32 + 10.5 0.519
Table 4. Diastolic blood pressure changes in three groups at different times.
DBP (mmHg) Dex 0.02 N = 20 Dex 0.04 N = 20 Dex 0.06 N = 20 p value
At arrival to OR (baseline values) 788+73 79.3 + 86 792+72 0.977
Immediately after intubation 90.2 £ 6.8 86.3 5.1 858 +54 0.039*
Start of surgical manipulation 913 +£59 87.1+54 86.2 £ 6.1 0.017*
Insufflation 66.8 £7.5 716 £5.2 721 +£49 0.012*
15 min after pneumoperitoneum 69.54 + 7.3 7122+ 6.9 725175 0.434
30 min after pneumoperitoneum 68.21 + 8.2 7134 + 85 74,01 £ 9.1 0.112
45 min after pneumoperitoneum 69.03 + 8.1 7241 + 87 7539+79 0.059
Extubation 924+79 875+ 64 873+7.2 0.047*
On admission to PACU 69.15 + 8.4 7245 + 8.6 7534+ 7.7 0.071
6 h postoperative 69.39 + 9.2 70.97 + 8.3 7212+73 0.585
12 h postoperative 7002+ 73 73.53 £ 6.1 7481 £59 0.061
18 h postoperative 70.36 + 8.1 7291+ 74 75.02 + 6.8 0.150

Table 5. The incidence of cough in four groups during
emergence.

Incidence of Cough level

Groups cough 0 1 2 3
Dex 0(2 n =20) 13 (65%) 7 (35%) 2

10%) 11(55%) -
Dex 0,4 (n =20 11 (559 9 (45% 7

038820 Uk as%l
Dex 0.6 (n = 20) 4 (20%) 16 2
0,

(10%) 2(10%) (80%)

p value 0.013* - 0.048

Data presented as numbers (proportion).

Cough level (grade 0: no cough; grade 1: mild, single cough; grade 2:
moderate, frequent coughing, lasting time <5 s, no effecting on extuba-
tion; grade 3: severe, continuous coughing, lasting time >5 s, affecting
extubation).

total analgesic requirement was significantly lower in
Dex 0.6 group in comparison to other groups

(42.5 £ 17.3 mg in Dex 0.6 group vs. 122.2 + 12.4 mg,
84.7 £ 14.1 mg in Dex 0.2 and Dex 0.4 groups, respec-
tively, p value = 0.000), Table 6.

The results of the present study showed statistically
insignificant difference in the incidence of PONV
among the three groups except at 12 h postopera-
tively. Group Dex 0.2 showed significant increase of
PONV incidence compared to the other two groups
with p value = 0.018, Table 7. In group Dex 0.2, the
scale of PONV ranged between 2 and 4 points with
a mean of 2.4 + 1.3 points. On the other hand, it ranged
between 2 and 3 points in group Dex 0.4 with a mean
of 1.9 £ 1.05 points, while it ranged between 1 and 2
points in group Dex 0.6 with a mean of 1.6 + 0.84
points. PONV score was significantly higher in group
Dex 0.2 with p value of 0.007. There were no recorded
adverse reactions among the three groups.
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Table 6. Comparison of VAS at different time points in the
three groups.

Dex 0.2 Dex 0.4 Dex 0.6 p
Postoperative times (n = 20) (n = 20) (n =20) value
20 min (t1) 36+ 1.3 33+12 26%=1.0 0.028*%
2 h(t2) 35+15 34+14 2511 0.042*%
6 h (t3) 39+1.2 37+13 3.0+09 0.040*
12 h (t4) 42+10 39%15 32+12 0.041*
24 h (t5) 46+ 1.1 44+12 3514 0.016*
The time to first 180 £ 145 150+ 17.3 245+ 184 0.000*

rescue analgesia
(min)
The total analgesic 122.2 + 124 847 + 141 425+ 17.3 0.000*
requirement
(mg)

Data presented as mean + SD.

VAS: Visual Analogue Scale, t1 20 min after operation, t2 2 h after
operation, t3 6 h after operation, t4 12 h after operation, t5 24 h after
operation.

*p < 0.05.

Table 7. The incidence of PONV in four groups at different
time points.

PONV
Groups T T2 T3 T4 T5
Dex 0.2 (n=20) 1(5%) 7(35%) 9(45%) 9(45%) 2(10%)
Dex 0.4 (n =20) 1(5%) 4(20%) 8(40%) 3(15%) 2(10%)
Dex 0.6 (n =20) 2(10%) 4(20%) 5(25%) 2(10%) 1(5%)
p value 0.77 0.45 0.39 0.018 0.8

Data presented as numbers (proportion).

PONV: postoperative nausea and vomiting t1 20 min after operation, t2
2 h after operation, t3 6 h after operation, t4 12 h after operation, and t5
24 h after operation.

*p < 0.05.

4. Discussion

More than 230 million people scheduled for surgical
intervention every year worldwide. Intraoperative
stress response lead to disruption of the hypothala-
mic—pituitary—adrenal (HPA) axis and relative glucocor-
ticoid impairment which are considered a contributor
to perioperative organ injury. [17]

The present results showed that perioperative
intravenous infusion of dexmedetomidine 0.4 pg/
kg/h and 0.6 pg/kg/h attenuated hemodynamic
stress response during intubation, with start of
surgical manipulation, pneumoperitoneal insuffla-
tion and extubation in patients undergoing LC,
Weerink et al. [18] studied pharmacokinetics and
pharmacodynamics of dexmedetomidine and con-
cluded that dexmedetomidine could activate the
medullary vasomotor center receptors and inhibit
epinephrine and norepinephrine release to achieve
intraoperative hemodynamic stability. Moreover,
Niyogi et al. [19] documented that intravenous
0.5 pg/kg/h DEX can attenuate the hemodynamic
stress responses of laryngoscopy and intubation.

Postoperative pain caused by either inflammation
or neural tissue damage is accompanied by increased
complication rate and extended hospital stay. [20]
Multimodal analgesia implies the concept of different

analgesics combination to improve analgesia, reduce
opioids requirement (opioid sparing effect), and
thereby reduce opioids side effects. [21]

The present randomized controlled study found
that patients received Dex 0.6 pg/kg/h experienced
better analgesic effect with significantly lower VAS,
longer time to first rescue analgesia and lower total
analgesic requirement compared to other groups.
A meta-analysis verified that dexmedetomidine could
reduce inflammatory mediators and substance
P induced by surgical trauma and thereby reduces
postoperative analgesic requirements. [22]

Kang et al. [23] suggested that intraoperative dexme-
detomidine infusion decreases incidence of emergence
agitation (EA), rescue analgesia, and shivering in adults
after lung surgery.

General anesthesia and endotracheal intubation
increase postoperative incidence of cough which
could be severe enough to cause wound dehiscence.
During emergence, the present study found that the
incidence of cough was significantly lower in Dex 0.6
group compared to other two groups.

Kim et al. [24] documented that continuous infusion of
0.5 pg/kg dexmedetomidine could slightly reduce the
incidence of cough; however, the incidence was still
about 70%. Conversely, Aouad et al. [25] agreed with
the current study and concluded that increased doses of
intravenous dexmedetomidine infusion on recovery
could reduce the incidence of cough, while 0.5 pg/kg/h
dexmedetomidine had insignificant inhibitory effect on
cough.

Postoperative nausea and vomiting (PONV) are con-
sidered one of the most distressing symptoms that
follow surgery under general anesthesia, with an inci-
dence reaching as high as 30%. However, the incidence
of PONV is higher after LC compared to other types of
surgery and the peak of PONV incidence in patients with
LC specially at 6 h and 12 h postoperative interval. [26]

The results of the present study verified that inci-
dence of PONV increased significantly after 6 h post-
operative in group Dex 0.2 patients compared to other
groups. Bakri et al. [27] noted that intravenous infusion
of dexmedetomidine 1 pg/kg preoperative could
reduce the incidence of PONV in patients undergoing
LC. Latest studies concluded that the incidence of
PONV could be significantly reduced by perioperative
dexmedetomidine 0.6 pg/kg/h infusion. [28]

LC is a surgical procedure with a relatively short
duration, the operative time is 45 min on the average
in straightforward cases. Many studies documented
that high DEX infusion rates associated with prolonged
spontaneous respiratory recovery time and extubation
time. [29] The present results showed that the sponta-
neous respiratory recovery time and extubation time
increased insignificantly in the Dex 0.6 group com-
pared with other groups.



5. Conclusion

Intravenous infusion of 0.6 pug/kg/h dexmedetomidine
before induction can attenuate hemodynamic stress
response, reduce cough incidence, PONV, and post-
operative analgesic requirements in patients under-
going LC without significant prolongation of
spontaneous respiratory recovery time.
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